Recently, the stromal invasion grading system was proposed for small adenocarcinomas of r2.0 cm. The system is based on the presence or absence of a fibrotic focus, and the extent of invasion into the fibrotic focus. Although stromal invasion grading system closely correlated with the prognosis, stromal invasion grade 3, representing stromal invasion into the center of a fibrotic focus, was the largest group of tumors and showed variable prognosis. In this study, we investigated whether stromal invasion grading system could be applied to and validated in pT1 adenocarcinomas as the TNM classification is the most universally used system. Furthermore, we investigated whether stromal invasion grade 3 cases could be subclassified according to the presence and absence of micropapillary pattern. The study included 120 cases of pT1 lung adenocarcinomas, of which 81 (68%) cases were stromal invasion grade 3. Micropapillary pattern was positive in 80% of grade 3 cases. For stromal invasion grade 3 cases, the 5-year survival rate of patients with micropapillary patternpositive carcinomas was 63%, which was significantly worse than 94% of those with micropapillary patternnegative carcinomas (P ¼ 0.0196). The latter was very close to that for patients with stromal invasion grade 0-2 (95%). Moreover, small cluster invasion was observed at sites of stromal invasion significantly more often in micropapillary pattern-positive cases than negative cases. Thus, the stromal invasion grading system is reproducible and correlates with prognosis even in pT1 lung adenocarcinomas. Moreover, among patients with stromal invasion grade 3 carcinomas, favorable prognosis is noted in micropapillary pattern-negative cases. The micropapillary pattern subclassification provides an advantage to the stromal invasion grading system and reconfirms the importance of micropapillary pattern as a prognostic marker. Our study is the first to point to the possible association of micropapillary pattern-positive carcinomas and small cluster invasion.
Lung cancer is one of the most common causes of cancer-related deaths in the United States and other industrialized countries, including Japan.
1,2 Among the major histopathological types of the lung carcinoma, the incidence of adenocarcinoma has been increasing in recent years. 3 Owing to recent technological improvements in high-resolution computed tomography and the introduction of computed tomography screening, the incidence of small-sized pathological-T1 (pT1) cases is on the rise among surgically resected adenocarcinoma cases. 4, 5 Although bronchioloalveolar carcinoma is reported as the only subtype without any invasive features and shows an excellent prognosis, some of the other pT1 adenocarcinoma cases may develop distant metastasis in a short period after complete surgical resection. [6] [7] [8] Thus, although the tumornode-metastasis (TNM) stage and the pathological stage, including the presence or absence of lymph node metastasis, have been the most reliable prognostic factors in patients with lung carcinoma, 9, 10 it is crucial to identify additional prognostic factors within each given stage to select most appropriate therapy and individualize the follow-up frequency.
Recently, Sakurai et al 11 have histopathologically graded the degree of invasion in small adenocarcinomas of r2.0 cm and explored the relationship between invasion and prognosis of patients with adenocarcinomas. Although their stromal invasion grading system closely correlated with the prognosis, their stromal invasion grade 3, representing stromal invasion into the center of a fibrotic focus, was the largest group of tumors (212/380 cases, 56%) and showed variable prognosis. Therefore, it would be favorable to subclassify this most heterogeneous group. In contrast, lung adenocarcinomas with a micropapillary pattern have been reported to have a worse biological behavior, and that the patients with micropapillary pattern tend to present with advanced stage including lymph node metastasis. [12] [13] [14] [15] In the present study, we investigated whether the stromal invasion grading system correlates with prognosis including pT1 (r3.0 cm) adenocarcinomas. Furthermore, we also tested whether the stromal invasion grade 3 could be subclassified into two groups that show significantly different prognoses based on the presence and absence of micropapillary pattern. Finally, we examined whether micropapillary pattern was frequently associated with any mode of stromal invasion.
Materials and methods

Patients
We reviewed 134 cases of pT1 lung adenocarcinoma that had been surgically resected at the Second Department of Surgery, Fukuoka University Hospital between April 1993 and December 2002. Anonymous use of redundant tissue is part of the standard treatment agreement with patients in our hospital when no objection was expressed. The pathological stage was determined according to the TNM classification of malignant tumors (UICC). 10 pT1 tumors were defined as 'tumors of 3 cm or less in the greatest dimension, being surrounded by lung tissue or visceral pleura, and not involving the main bronchus'. 10 Of the 134 cases, seven cases lost in the follow-up were excluded from the survival analysis. In addition, seven cases of invasive adenocarcinoma with no central fibrotic focus (mostly so-called 'solid adenocarcinoma') were excluded from stromal invasion grade analysis. The remaining 120 cases were studied to explore the relationship between stromal invasion, micropapillary patterns and prognosis. All patients underwent complete resection of the tumors. The mean follow-up period was 75 months (range 2-117 months).
Pathologic Evaluation
The surgically resected specimens were fixed routinely in 10% formalin, and the whole tumor nodules were processed into paraffin blocks for histopathological examination. Tissue sections were cut 4 mm thick, including the largest cut surface of the tumor, and stained with hematoxylin and eosin (H & E) and elastica-van-Gieson stain (EvG). For MUC1 immunohistochemistry, 4 mm sections were mounted on MAS (Matsunami Adhesive Silane)-coated glass slides, deparaffinized, and autoclaved for 10 min at 1211C in the presence of 10 mM Sodium-citrate buffer (pH 6.0) solution to improve the immunoreactivity of the antigen. A mouse monoclonal antibody directed against MUC1 (Novocastra Laboratories, Newcastle, UK) was used as the primary antibody at a 1:100 dilution. Immunohistochemical staining was performed by the LSAB (labeled streptavidin-biotin-peroxidase) method (Dako, Glostrup, Denmark). Alkaline phosphatase activity was visualized by naphthol-AS-BI-phosphate as a substrate (Sigma, St Louis, MO, USA) and new fuchsin as a coupler (Merck, Darmstadt, Germany).
The histopathological type was determined according to the WHO classifications 2004, 16 and stromal invasion grade was evaluated as described previously. 11 Briefly, stromal invasion grade 0 was defined as pure bronchioloalveolar carcinoma, which shows no evidence of stromal invasion ( Figure 1a) ; stromal invasion grade 1 as stromal invasion in the area of bronchioloalveolar carcinoma growth ( Figure 1b) ; stromal invasion grade 2 as stromal invasion localized on the periphery of a fibrotic focus ( Figure 1c) ; and stromal invasion grade 3 as stromal invasion into the center of a fibrotic focus (Figure 1d ). Stromal invasion was confirmed by EvG staining, which demonstrated structural deformity of the stromal elastic fiber framework at the sites of invasion. 11, 17 Lung adenocarcinomas show two types of papillary structures: papillary structure and micropapillary pattern. The papillary structure is characterized by a complex papillary glandular proliferation along fibrovascular cores, 16 whereas micropapillary pattern is defined as papillary structures with tufts lacking a central fibrovascular core (Figure 2a ). 12 The outer surface of the micropapillary cell clusters showed expression of cell surface glycoprotein MUC1 (Figure 2b) , and in the ordinary portions of lung adenocarcinoma MUC1 labeling was limited to the luminal surface of carcinoma cells (Figure 2c ). The extent of micropapillary pattern was determined as none (0% of the tumor), 1 þ (o10%), 2 þ (10-50%), or 3 þ (450%) based on the areas of micropapillary pattern in tumors. Furthermore, cases of none and 1 þ were classified as micropapillary pattern-negative, whereas those of 2 þ and 3 þ as micropapillary pattern-positive as described previously. 15 This micropapillary pattern scoring was performed independently by two pathologists (TK and KN), and a high level of concordance (490%) was achieved. In case of disagreement, the slides were reviewed again to obtain a consensus view.
The clinicopathological parameters considered in this study included age, gender, tumor size, lymph node metastasis, pleural invasion and small cluster invasion. The latter was defined as markedly resolved acinar or papillary structures of tumors with small clusters of carcinoma cells lying ahead and invading the stroma within the fibrotic focus (Figure 2d ), which is very similar to tumor budding in colorectal carcinomas. 18 
Statistical Analysis
Summary statistics were obtained using established methods and statistical analysis software StatView for Windows version 5.0 (SAS Institute Inc., Cary, NC, USA). The relationships between several clinicopathological parameters and histopathological subgroups were evaluated using the w 2 test and Fisher's exact test. Survival curves were plotted using the Kaplan-Meier method, and P-values were calculated using the log-rank test. Multivariate analysis was performed by Cox regression. A P-value of o0.05 was considered statistically significant.
Results
Clinical Findings
The clinicopathological characteristics of the 120 patients (49 males, 71 females; age range, (mean ¼ 64.8) years) are summarized in Table 1 . Lobectomy was performed in 88 patients (73%). The remaining 32 patients underwent limited surgery (segmentectomy or partial resection). Pathologically, 101 patients were classified as p-Stage IA, six patients as p-Stage IIA, and 13 as p-Stage IIIA. The majority of stromal invasion grade 0-2 and stromal invasion grade 3 without micropapillary pattern belonged to p-Stage IA (92 and 100%, respectively), whereas about 25% of stromal invasion grade 3 with micropapillary pattern were classified as p-Stage IIA or IIIA, indicating that more cases with lymph node metastasis were included in the stromal invasion grade 3 with micropapillary pattern group.
Histopathological Findings
Eight cases were classified as bronchioloalveolar carcinoma (7%), two as acinar (2%), five as papillary (4%), and the remaining 105 patients as mixed subtypes (88%). The relationship between stromal invasion grade and micropapillary pattern is summarized in Table 2 . Grades 0, 1 and 2 stromal invasions were observed in 8 (7%), 21 (18%) and 10 (8%) cases, respectively, whereas grade 3 was noted in the majority of the cases (81/120 cases, 68%). As the stromal invasion grade increased, more micropapillary pattern cases were found: no micropapillary pattern-positive (2 þ and 3 þ ) cases among grade 0 and only 38% (8/21 cases) among grade 1, compared with 70% (7/10 cases) and 80% (65/81 cases) of grade 2 and 3, respectively. Table 3 shows the relationship between micropapillary pattern and clinicopathological characteristics. No micropapillary pattern was found in 21/120 (18%), and 1 þ , 2 þ and 3 þ of micropapillary pattern were noted in 19/120 (16%), 54/120 (45%) and 26/120 (22%), respectively. The overall micropapillary pattern-positive (2 þ and 3 þ ) cases were 67% (80/120 cases). In the micropapillary pattern-positive cases, tumor size was more frequently larger than 1 cm in diameter, and lymph node metastasis, pleural invasion and small cluster invasion at the sites of stromal invasion were more frequently observed than in micropapillary patternnegative cases; the differences were statistically significant. Age and gender were similar in the two groups.
Correlation of SIG and MPP with Clinical Outcome
Survival rates
The overall 5-year survival rates for patients with stromal invasion grade 0-2 and stromal invasion grade 3 carcinomas were 95 and 69%, respectively, and the difference was statistically significant (P ¼ 0.0048, Figure 3) . These results were similar to those reported for tumors measuring r2.0 cm by Sakurai et al. 11 Thus, stromal invasion grade 3 is also the important poor prognostic factor in lung pT1 adenocarcinomas. However, stromal invasion grade 3 comprised the majority of the pT1 adenocarcinoma cases (81/120 cases, 68%). As we speculated that this stromal invasion grade group could include patients with variable prognoses, we investigated whether micropapillary pattern could be an additional histological marker for subclassification of the stromal invasion grade 3 group. Figure 4 shows the overall survival curves of patients with stromal invasion grade 3 divided into four groups based on extents of micropapillary pattern. The 5-year survival rate of patients with micropapillary pattern-positive (2 þ and 3 þ ) carcinomas (65/81 cases, 80%) was 63%, which was significantly Micropapillary pattern and lung adenocarcinoma invasion T Kawakami et al worse than 94% of those with micropapillary pattern-negative (None and 1 þ ) carcinomas (16/ 81, 20%, P ¼ 0.0196). The 5-year survival rate for micropapillary pattern-negative stromal invasion grade 3 patients was very close to that for patients with stromal invasion grade 0-2 (95%). As correlation of the micropapillary pattern with worse prognosis was suggested, univariate and multivariate analyses were performed including stratification for stage.
Univariate analyses
Carcinoma cases included in this study belonged to p-Stage IA, IIA or IIIA (Table 1) . Within clinicopathological parameters of p-Stage IA carcinomas, univariate analysis identified the significant association of micropapillary pattern (positive) and stromal invasion grade (grade 3) with the poor patient survival (Table 4, 
Multivariate analyses
Both factors identified as significant by univariate analyses were entered into Cox multivariate regression analysis. This analysis identified micropapillary pattern (positive) as a significant predictor and independent factor for a shorter overall survival in p-Stage IA carcinoma cases (Table 5 , micropapillary pattern, P ¼ 0.0493).
Discussion
Our study showed that the stromal invasion grading system proposed by Sakurai et al 11 is reproducible and valid even in pT1 lung adenocarcinomas. (28) 12 (50) 3 (20) 3 (19) 16 (25) Histologic subtypes Bronchioloalveolar 8 (7) 8 (33) (14) 43 (53) 22 (27) Micropapillary pattern and lung adenocarcinoma invasion T Kawakami et al
Sakurai et al 11 studied small adenocarcinomas of r2.0 cm to establish the concept of 'curable' lung cancer and showed that stromal invasion grade 0 and 2 could be considered 'minimally invasive' or 'early' adenocarcinomas. We investigated whether their stromal invasion grading system could be applied to pT1 adenocarcinomas because the TNM classification is most universally used and pT1 tumors are the smallest tumors in the classification.
In addition, our results solved a problem in their grading system. Stromal invasion grade 3, which comprised the largest group in their classification and included patients with variable prognoses, was subclassified in our study into two groups based on the presence and absence of micropapillary pattern. Micropapillary pattern-negative stromal invasion grade 3 cases showed a much better 5-year survival rate compared with micropapillary pattern-positive stromal invasion grade 3 cases (94 vs 63%). This indicates that when micropapillary pattern is negative even patients of the stromal invasion grade 3 group with full stromal invasion could have better prognosis, which was similar to that of stromal invasion grade 0-2 groups with none or limited stromal invasion. This subclassification has provided an advantage for the use of stromal invasion grading system of Sakurai et al, and at the same time highlighted the importance of micropapillary pattern in assessing the progression of lung adenocarcinoma.
The prognostic significance of central fibrosis or scar of adenocarcinoma of the lung has been reported by several investigators. 7, 11, 17, [19] [20] [21] [22] Shimosato et al 19 proposed that the central scar in carcinomas was a secondary phenomenon rather than a precursor of carcinoma, and demonstrated that the degree of collagenization in the fibrotic focus closely correlated with tumor progression and prognosis. Others indicated that the size 21 and characteristics of the central fibrosis, such as the interface pattern, 20 the presence of active fibroblast proliferation, 7 the pattern of stromal elastic frameworks, 17 and the extent of desmoplasia 22 are significant prognostic factors. The stromal invasion grading system is also based on the presence and absence of a fibrotic focus and the extent of invasion into the fibrotic focus. 11 Each grade was clearly defined, so that we could demonstrate the reproducibility of the classification in pT1 adenocarcinomas. Moreover, the concomitant use of micropapillary pattern improved the usefulness of the classification in predicting prognosis. Micropapillary pattern is characterized by papillary structures with tufts lacking a central fibrovascular core. 12 Patients with micropapillary patternpositive lung adenocarcinomas have poor prognosis and tend to present with extensive lymph node involvement and metastatic disease, [12] [13] [14] [15] similar to patients with micropapillary carcinomas of the breast, 23 urinary bladder, 24,25 ureter 26,27 and parotid gland. 28, 29 However, little is known about the mechanisms involved in micropapillary patternassociated lymph node metastasis. In our study, nodal metastasis, tumor size (41 cm in diameter) and pleural invasion were significantly more frequent in micropapillary pattern-positive cases than in micropapillary pattern-negative cases. Furthermore, we demonstrated a close association between small cluster invasion observed in the portion of carcinoma invasion within fibrotic foci and presence of micropapillary pattern. We speculate that this may provide a new step towards elucidation of mechanisms involved in the lymphotropic feature of micropapillary pattern. Small cluster invasion is similar to tumor budding that was defined as small clusters of carcinoma cells lying ahead of the invasive front of the lesion in colon and rectal adenocarcinomas. 18 It was shown that moderate or significant tumor budding correlated with more lymphatic and venous invasion and thus with a vigorous biologic activity of colon and rectal adenocarcinomas. 18 Tumor dedifferentiation and dissociation at the invasive front may make it possible for carcinoma cells to invade blood vessels. Lung adenocarcinoma cells that show micropapillary pattern in alveolar spaces may tend to behave as small cluster invasion when involved in invasionrelated scar forming processes.
Only few studies have investigated the molecular changes associated with micropapillary pattern. Comparative genomic hybridization analysis in 16 micropapillary pattern-positive cases of invasive ductal carcinoma of the breast demonstrated uniformity of loss involving the short arm of chromosome 8 (8p). 30 Candidate genes that have been proposed as driving the loss of 8p region in solid tumors include EGR3, TRAIL receptors, DR4 and DR5, SCAM1, and the prostate-specific homeobox gene NKX3A. 30 Relationship of loss of these genes with particular histologic features and the lymphotropic phenotype associated with micropapillary pattern is still unknown. Alteration of expression of cell surface molecules has also been shown to be associated with micropapillary pattern. For example, it is reported that MUC1 expression was predominantly demonstrated in the stroma-facing surface of the micropapillary cell clusters in micropapillary pattern-positive breast and colon carcinomas, and that this expression pattern indicates inversion of cell polarization as MUC1 is a glycoprotein normally located in the apical cell surface of normal glandular epithelium. [31] [32] [33] It has been speculated that the presence of MUC1 in the stroma-facing surface of micropapillary cell clusters may lead to their inverted morphology and detachment of cells from the stroma based on the known function of MUC1 that inhibits the interaction between cell and stroma. [31] [32] [33] Micropapillary pattern and lung adenocarcinoma invasion T Kawakami et al
